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Description 
TECHNICAL FIELD 

[0001] The invention provides compositions of recom- 
binant cytopathic viruses which are capable of replica- 
tion and/or expression of late region genes in neoplastic 
mammalian cells but are essentially non-replicable in 
non-neoplastic cells, methods for constructing and 
propagating such recombinant viruses, methods for 
treating neoplastic disease with such recombinant virus- 
es, and therapeutic compositions comprising such re- 
combinant viruses. 

BACKGROUND 

[0002] The proliferation of normal cells is thought to 
be regulated by growth-promoting proto-oncogenes 
counterbalanced by growth-constraining tumor-sup- 
pressor genes. Mutations that potentiate the activities 
of proto-oncogenes create the oncogenes that force the 
growth of neoplastic cells. Conversely, genetic lesions 
that inactivate tumor suppressor genes, generally 
through mutation(s) that lead to a cell being ho- 
mozygous for the inactivated tumor suppressor allele, 
can liberate the cell from the normal replicative con- 
straints imposed by these genes. Usually, an inactivated 
tumor suppressor gene (e.g., p53, RB, DCC, NF-1) in 
combination with the formation of an activated onco- 
gene (i.e., a proto-oncogene containing an activating 
structural or regulatory mutation) can yield a neoplastic 
cell capable of essentially unconstrained growth (i.e., a 
transformed cell). 

[0003] Oncogenic transformation of cells leads to a 
number of changes in cellular metabolism, physiology, 
and morphology. One characteristic alteration of onco- 
genically transformed cells is a loss of responsiveness 
to constraints on cell proliferation and differentiation nor- 
mally imposed by the appropriate expression of cell- 
growth regulatory genes. 

[0004] While different types of genetic alterations may 
all lead to altered expression or function of cell-growth 
regulatory genes and to abnormal growth, it is generally 
believed that more than one event is required to lead to 
neoplastic transformation of a normal cell to a malignant 
one (Land et al. (1983) Nature 304: 596; Weinberg RA 
(1989) Cancer Res. 49: 3713). The precise molecular 
pathways and secondary changes leading to malignant 
transformation for most cell types are not clear. A 
number of cases have been reported in which altered 
expression or activity of some proteins with putative cell- 
cycle control functions and/or implicated in the formation 
of functional transcriptional complexes, such as p53 and 
RB, can lead to loss of proliferation control in cells (Ul- 
lrich et al. (1992) J. Biol. Chem. 267: 15259; Hollstein 
et al. (1991) Science 253: 49; Sager R (1992) Curr. 
Opin. Cell. Biol. 4: 155; Levine etal. (1991) Nature 351: 
453). 



[0005] Some oncogenes have been found to possess 
characteristic activating mutations in a significant frac- 
tion of certain cancers. For example, particular muta- 
tions in the ras" and ras K coding regions (e.g., codon 

5 12, codon 61; Parada et al. (1984) Nature 31 2: 649) and 
the APC gene (Powell et al. (1992) Nature 359: 235) are 
associated with oncogenic transformation of cultured 
cells and are present in a striking percentage of specific 
human cancers (e.g., colon adenocarcinoma, bladder 

10 carcinoma, lung carcinoma and adenocarcinoma, hepa- 
tocarcinoma). These findings have led to the develop- 
ment of diagnostic and therapeutic reagents (e.g., poly- 
nucleotide probes and antibodies) that specifically rec- 
ognize the activated form(s) of such oncogenes (U.S. 

15 Patent 4,798,787 and U.S. Patent 4,762,706). 

[0006] The excessive or inappropriate expression of 
other oncogenes, such as myc, erbB-2, and pim-1, ap- 
pears to be able to potentiate oncogenic transformation 
without necessarily requiring the presence of activating 

20 mutation(s) in the coding region. Overexpression of 
erbB-2 is frequently found in adenocarcinoma of the 
breast, stomach, and ovary, and erbB-2 levels in these 
cell types might serve as a diagnostic marker for neo- 
plasia and/or may correlate with a specific tumor phe- 

25 notype (e.g., resistance to specific drugs, growth rate, 
differentiation state). 

[0007] Transgenic animals harboring various onco- 
genes (U.S. Patent 4,736,866 and U.S. Patent 
5,087,571) or functionally disrupted tumor suppressor 
30 genes (Donehower etal. (1992) Nature 356: 215) have 
been described for use in carcinogen screening assays, 
among other potential uses. 

[0008] Despite this progress in developing a more de- 
fined model of the molecular mechanisms underlying 

35 the transformed phenotype and neoplasia, few signifi- 
cant therapeutic methods applicable to treating cancer 
beyond conventional chemotherapy have resulted. 
Many conventional chemotherapeutic agents have a 
low therapeutic index, with therapeutic dosage levels 

40 being at or near dosage levels which produce toxicity. 
Toxic side effects of most conventional chemotherapeu- 
tic agents are unpleasant and lead to life-threatening 
bone marrow suppression, among other side effects. 
[0009] Recent approaches for performing gene ther- 

45 apy to correct or supplement defective alleles which 
cause congenital diseases, such as cystic fibrosis, have 
been attempted with reports of limited initial success. 
Some gene therapy approaches involve transducing a 
polynucleotide sequence capable of expressing a func- 

50 tional copy of a defective allele into a cell in vivo using 
replication-deficient recombinant adenovirus (Rosen- 
feld et al. (1 992) Cell 68: 1 43). Some of these gene ther- 
apy methods are efficient at transducing polynucle- 
otides into isolated cells explanted from a patient, but 

55 have not been shown to be highly efficient in vivo. Ther- 
apeutic approaches to cancer which rely on transfection 
of explanted tumor cells with polynucleotides encoding 
tumor necrosis factor (TNF) and interleukin-2 (IL-2) 
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have been described (Pardoll D (1992) Curr. Opin. On- 
col. 4: 1124). 

[0010] Although it might someday prove possible for 
gene therapy methods to be adapted to correct defec- 
tive alleles of oncogenes or tumor suppressor genes in 5 
transformed cells in vivo , present gene therapy methods 
have not been reported to be able to efficiently trans- 
duce and correctly target (e.g., by homologous recom- 
bination) a sufficient percentage of neoplastic cells for 
practical gene therapy of neoplasia in situ . The nature 
of cancer biology mandates that a substantial fraction 
of the neoplastic cells, preferably all of the clonal prog- 
eny of the transformed cell, are ablated for an effective 
therapeutic effect. Moreover, present methods for gene 
therapy are very expensive, requiring ex vivo cultu ring 
of explanted cells prior to reintroduction into a patient. 
Widespread application of such methods, even if they 
were effective, would be prohibitively expensive. 
[0011] Thus there exists a need in the art for methods 
and compositions for diagnosis and therapy of neoplas- 
tic diseases, especially for methods which selectively 
ablate neoplastic cells without the undesirable killing of 
non-neoplastic cells that is typical of conventional anti- 
neoplastic chemotherapy. The present invention fulfills 
these and other needs. 

[001 2] The references discussed herein are provided 
solely for their disclosure prior to the filing date of the 
present application. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides several novel 
methods and compositions for ablating neoplastic cells 
by infecting the neoplastic cells with a recombinant ad- 
enovirus which is substantially replication deficient in 
non-neoplastic cells and which exhibits at least a partial 
replication phenotype in neoplastic cells. The difference 
in replication phenotype of the adenovirus constructs of 
the invention in neoplastic and non-neoplastic cells pro- 
vides a biological basis for viral-based therapy of can- 
cer. Expression of adenoviral cytopathic effects, and op- 
tionally expression of a negative-selectable drug gene 
(e.g., HSV tk), are correlated with the adenoviral repli- 
cation phenotype characteristic of neoplastic cells in- 
fected with the recombinant adenovirus constructs of 
the invention, thus discriminating between neoplastic 
and non-neoplastic cells and providing selective cyto- 
toxicity of neoplastic cells. Although the methods are de- 
scribed in detail specifically for adenoviral constructs, 
the methods are believed to be applicable to essentially 
any virus type wherein efficient replication requires bind- 
ing and/or sequestration and/or inactivation of a host 
cell protein that is present in non-neoplastic cells but is 
substantially absent or nonfunctional in neoplastic cells 
(e.g.,p53, RB). 

[0014] In an embodiment of the invention, a recom- 
binant adenovirus comprising an E1 a locus encoding an 
E1a protein (e.g., p289R or p243R) that is substantially 



incapable of forming a complex with RB protein in in- 
fected cells is administered to an individual or cell pop- 
ulation comprising a neoplastic cell capable of being in- 
fected by the recombinant adenovirus. The substantial 
incapacity of the recombinant adenovirus to effectively 
sequester RB protein in infected non-neoplastic cells re- 
sults in the introduced recombinant adenoviral polynu- 
cleotide^) failing to express a replication phenotype in 
non-neoplastic cells. By contrast, neoplastic cells which 
lack a functional RB protein support expression of a rep- 
lication phenotype by the introduced recombinant ade- 
novirus which leads to ablation of the neoplastic cell by 
an adenoviral cytopathic effect and/or expression of a 
negative selection gene linked to the replication pheno- 
type. In preferred variations of these embodiments, the 
recombinant adenovirus comprises an E1a locus en- 
coding a mutant E1a protein (e.g., p289R) that lacks a 
CR1 and/or CR2 domain capable of binding RB (and/or 
the 300kD polypeptide and/or the 107kD polypeptide) 
but comprises a functional CR3 domain capable of 
transactivation of adenoviral early genes. Additional 
variations of these embodiments include those where 
the recombinant adenovirus comprises a nonfunctional 
E1 a locus which is substantially incapable of expressing 
a protein that binds to and inactivates RB and may op- 
tionally also comprise a functional p19 protein (i.e., ca- 
pable of stimulating expression of adenoviral early re- 
gion genes in the absence of E1a function). Recom- 
binant adenoviruses of the invention may further com- 
prise a mutant p19 gene which produces enhanced cy- 
topathic effects; such a mutant known in the art is the 
p19 cyt mutant gene. 

[0015] The invention provides novel recombinant ad- 
enovirus constructs which are replication defective in 
non-neoplastic cells but capable of expressing a repli- 
cation phenotype in neoplastic cells lacking functional 
RB. The novel recombinant adenovirus constructs com- 
prise a mutation, such as a deletion or point mutation, 
in the E1a and/or E1b gene regions, especially in the 
sequences encoding the E1b p55 protein and the CR1 
and CR2 domains of the E1a p289R or p243R proteins. 
In some embodiments, a negative selectable gene, 
such as an HSV tk gene, is operably linked to an early 
region (e.g., E2, E1a, E1b) enhancer/promoter, a late 
region gene enhancer/promoter (e.g., major late pro- 
moter), or an early or late region promoter with a CMV 
enhancer, in a recombinant adenovirus construct also 
comprising an E1aorE1b mutation, so that the negative 
selectable gene is preferentially transcribed in infected 
cells which express a replication phenotype (i.e., neo- 
plastic cells) and provides negative selection of such 
cells by administration of an effective dosage of a neg- 
ative selection agent (e.g., gancyclovir, FIAU). A nega- 
tive selectable gene may be inserted in place of an E1a 
and/or E1b structural sequence to concomitantly form 
an E1a( _ ) replication deficient mutant, E1bH replication 
deficient mutant, or E1 a/E1 b double mutant, respective- 
ly. 
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[0016] Antineoplastic compositions comprising such 
recombinant adenovirus in a pharmaceutical^ accept- 
able form for delivery to a neoplastic cell population in 
vivo are also provided. 

[0017] The invention also provides recombinant pa- 5 
povaviruses, such as human papillomavirus (HPV), 
polyomaviruses (e.g., BK, JC) and SV40, which lack 
functional proteins for binding and/or inactivating RB. 
Human papillomavirus mutants lacking expression of 
functional E7 protein will substantially lack the capacity 10 
to effectively bind RB and thus will be capable of mani- 
festing a replication phenotype in RBH cells but not in 
cells containing a sufficient level of functional RB. Hu- 
man papillomavirus mutants lacking expression of both 
functional E6 protein and functional E7 protein will sub- 15 
stantially lack the capacity to effectively bind RB and p53 
thus will be capable of manifesting a replication pheno- 
type in p53(~)RB< - ) cells but not in cells containing a suf- 
ficient level of functional RB and/or p53. 
[0018] The invention also provides novel methods for 20 
treating a neoplastic disease comprising the steps of ad- 
ministering to a patient a recombinant virus capable of 
preferentially expressing a replication phenotype and/or 
expressing a cytopathic effect in a neoplastic cell pop- 
ulation as compared to expression in a non-neoplastic 25 
cell population. 

[0019] The recombinant replication deficient adenovi- 
rus may be selected from Ad5 NT dl1110, Ad5 dl1312, 
and Ad2dl1520. 

30 

BRIEF DESCRIPTION OF THE DRAWING 

[0020] Fig. 1 shows a schematic representation of the 
domain structure and protein-protein interactions of an 
adenovirus E1a-289R polypeptide. 35 
[0021] Fig. 2(a-i) shows infection of normal and neo- 
plastically transformed human cell lines with wild-type 
adenovirus and recombination-deficient recombinant 
adenovirus mutants. Each cell line indicated was mock- 
infected, Fig. 2(a); or infected at an MOI of 1 .0 with wild- *o 
type adenovirus 2, Fig. 2(b-c); mutant derivative dl 1 01 0, 
Fig. 2(d-e); mutant derivative dl 1 520, Fig. 2(f-g); or mu- 
tant derivative dl 434, Fig. 2(h-i). Fig. 2(a) shows results 
9 days after the mock infection. The remaining panels 
show results from the following post-infection periods: 45 
Fig. 2(b), 4 days; Fig. 2(c), 7 days; Fig. 2(d), 8 days; Fig. 
2(e), 12 days; Fig. 2(f), 14 days; Fig. 2(g), 20 days; Fig. 
2(h), 6 days; Fig. 2(i), 14 days. On various days post- 
infection (noted supra), the cells were washed with PBS 
to remove dead cells and the remaining cells were 50 
stained with crystal violet. Each cell line mock infected 
with PBS alone was included as a control for viability. 
[0022] Fig. 3(a-c) shows infection of the normal hu- 
man lung diploid fibroblast cell line IMR90 (ATCC CCL 
186) with wild-type and mutant adenoviruses. IMR90 55 
cells were infected with the indicated virus at MOIs cor- 
responding to 0.1, 1.0, 10, and 100. At the indicated 
days post-infection, cells were washed with PBS and 



stained with crystal violet. One well in each 6-well dish 
was seeded with 293 cells to serve as a positive control 
for virus infection. Fig. 3(a) shows cells infected with 
wild-type Ad2 at 9 days post-infection. Fig. 3(b) shows 
cells infected with dl 1010 at 9 days post-infection. Fig. 
3(c) shows cells infected with dl 1520 at 9 days post- 
infection. 

Definitions 

[0023] Unless defined otherwise, all technical and sci- 
entific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although any methods 
and materials similar or equivalent to those described 
herein can be used in the practice or testing of the 
present invention, the preferred methods and materials 
are described. For purposes of the present invention, 
the following terms are defined below. 
[0024] The term "naturally-occurring" as used herein 
as applied to an object refers to the fact that an object 
can be found in nature. For example, a polypeptide or 
polynucleotide sequence that is present in an organism 
(including viruses) that can be isolated from a source in 
nature and which has not been intentionally modified by 
man in the laboratory is naturally-occurring. As used 
herein, the term "recombinant" indicates that a polynu- 
cleotide construct (e.g., and adenovirus genome) has 
been generated, in part, by intentional modification by 
man. 

[0025] As used herein, the term "replication deficient 
virus" refers to a virus that preferentially inhibits cell pro- 
liferation or induces apoptosis in a predetermined cell 
population (e.g., cells substantially lacking p53 and/or 
RB function) which supports expression of a virus rep- 
lication phenotype, and which is substantially unable to 
inhibit cell proliferation, induce apoptosis, or express a 
replication phenotype in cells comprising normal p53 
and RB function levels characteristic of non-replicating, 
non-transformed cells. Typically, a replication deficient 
virus exhibits a substantial decrease in plaquing effi- 
ciency on cells comprising normal RB and/or p53 func- 
tion. 

[0026] As used herein, the term "RB function" refers 
to the property of having an essentially normal level of 
a polypeptide encoded by the RB gene (i.e., relative to 
non-neoplastic cells of the same histological type), 
wherein the RB polypeptide is capable of binding an E1 a 
protein of wild-type adenovirus 2 or 5. For example, RB 
function may be lost by production of an inactive (i.e., 
mutant) form of RB or by a substantial decrease or total 
loss of expression of RB polypeptide(s). Also, RB func- 
tion may be substantially absent in neoplastic cells that 
comprise RB alleles encoding a wild-type RB protein; 
for example, a genetic alteration outside of the RB locus, 
such as a mutation that results in aberrant subcellular 
processing or localization of RB, may result in a loss of 
RB function. 
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[0027] As used herein, the term "replication pheno- 
type" refers to one or more of the following phenotypic 
characteristics of cells infected with a virus such as a 
replication deficient adenovirus: (1) substantial expres- 
sion of late gene products, such as capsid proteins (e. 
g., adenoviral pennon base polypeptide) or RNA tran- 
scripts initiated from viral late gene promoter(s), (2) rep- 
lication of viral genomes or formation of replicative in- 
termediates, (3) assembly of viral capsids or packaged 
virion particles, (4) appearance of cytopathic effect 
(CPE) in the infected cell, (5) completion of a viral lytic 
cycle, and (6) other phenotypic alterations which are 
typically contingent upon abrogation of p53 or RB func- 
tion in non-neoplastic cells infected with a wild-type rep- 
lication competent DNA virus encoding functional onco- 
proteins). A replication phenotype comprises at least 
one of the listed phenotypic characteristics, preferably 
more than one of the phenotypic characteristics. 
[0028] The term "antineoplastic replication deficient 
virus" is used herein to refer to a recombinant virus 
which has the functional property of inhibiting develop- 
ment or progression of a neoplasm in a human, by pref- 
erential cell killing of infected neoplastic cells relative to 
infected non-replicating, non-neoplastic cells of the 
same histological cell type. 

[0029] As used herein, "neoplastic cells" and "neopla- 
sia" refer to cells which exhibit relatively autonomous 
growth, so that they exhibit an aberrant growth pheno- 
type characterized by a significant loss of control of cell 
proliferation. Neoplastic cells comprise cells which may 
be actively replicating or in a temporary non-replicative 
resting state (G A or G 0 ); similarly, neoplastic cells may 
comprise cells which have a well-differentiated pheno- 
type, a poorly-differentiated phenotype, or a mixture of 
both type of cells. Thus, not all neoplastic cells are nec- 
essarily replicating cells at a given timepoint. The set 
defined as neoplastic cells consists of cells in benign 
neoplasms and cells in malignant (or frank) neoplasms. 
Frankly neoplastic cells are frequently referred to as 
cancer, typically termed carcinoma if originating from 
cells of endodermal or ectodermal histological origin, or 
sarcoma if originating from cell types derived from mes- 
oderm. 

[0030] As used herein, the term "operably linked" re- 
fers to a linkage of polynucleotide elements in a func- 
tional relationship. A nucleic acid is "operably linked" 
when it is placed into a functional relationship with an- 
other nucleic acid sequence. For instance, a promoter 
or enhancer is operably linked to a coding sequence if 
it affects the transcription of the coding sequence. Op- 
erably linked means that the DNA sequences being 
linked are typically contiguous and, where necessary to 
join two protein coding regions, contiguous and in read- 
ing frame. However, since enhancers generally function 
when separated from the promoter by several kilobases 
and intronic sequences may be of variable lengths, 
some polynucleotide elements may be operably linked 
but not contiguous. 



[0031] As used herein, "physiological conditions" re- 
fers to an aqueous environment having an ionic 
strength, pH, and temperature substantially similar to 
conditions in an intact mammalian cell or in a tissue 

5 space or organ of a living mammal. Typically, physiolog- 
ical conditions comprise an aqueous solution having 
about 1 50 mM NaCI (or optionally KCI), pH 6.5-8.1 , and 
a temperature of approximately 20-45° C. Generally, 
physiological conditions are suitable binding conditions 

10 for intermolecular association of biological macromole- 
cules. For example, physiological conditions of 150 mM 
NaCI, pH 7.4, at 37°C are generally suitable. 

DETAILED DESCRIPTION 

15 

[0032] Generally, the nomenclature used hereafter 
and the laboratory procedures in cell culture, molecular 
genetics, and molecular virology described below are 
those well known and commonly employed in the art. 

20 Standard techniques are used for recombinant nucleic 
acid methods, polynucleotide synthesis, polypeptide 
synthesis, generation and propagation of virus stocks 
(including cell lines capable of trans-complementation 
of replication deficient virus stocks), cell culture, and the 

25 like. Generally enzymatic reactions and purification 
steps are performed according to the manufacturer's 
specifications. The techniques and procedures are gen- 
erally performed according to conventional methods in 
the art and various general references (see , generally , 

30 Sambrook et al. Molecular Cloning: A Laboratory Man- 
ual, 2d ed. (1 989) Cold Spring Harbor Laboratory Press, 
cold Spring Harbor, N.Y.; Virology , Second edition, eds. 
Fields BN and Knipe DM, (1990) Raven Press, New 
York, NY which are provided throughout this document. 

35 The procedures therein are believed to be well known 
in the art and are provided for the convenience of the 
reader. 

[0033] Neoplasia is a pathological condition which is 
characterized, in part, by the generation of neoplastic 

40 cells having variant genotypes and phenotypes. Some 
tumors may comprise a population of cells lacking RB 
function but having p53 function; such cells are desig- 
nated RBH Some tumor cells may lack p53 function but 
have RB function; such cells are designated p53H 

45 Some tumors may comprise cells lacking both p53 and 
RS and are designated p53HRB<-). The cell line SAOS2 
(infra, see Experimental Example) is an example of a 
neoplastic cell type which is p53<-)RBH. Also, there may 
be neoplastic cells which comprise essentially normal 

50 levels of p53 and RB\ such cells having both normal p53 
and normal RB may lack other oncoproteins (e.g., tumor 
suppressor gene products other than p53 or RB) which 
can provide the basis for antineoplastic viral constructs 
which can preferentially manifest a replication pheno- 

55 type in such neoplastic cells. 

[0034] A basis of the present invention is that several 
DNA viruses which infect mammalian cells (e.g., aden- 
oviruses; papovaviruses such as BK and JC, SV40, and 
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papillomaviruses such as HPV, and the like) encode vi- 
ral proteins which are essential for efficient progression 
through the viral replication cycle; some of these viral 
proteins sequester cellular proteins, such as those in- 
volved in cell-cycle control and/or formation of transcrip- 5 
tion complexes, as a necessary condition for efficient 
viral replication. In the absence of the viral proteins 
which bind, sequester, or degrade such cellular proteins 
as p53 and RB, viral replication is substantially inhibited. 
Normal (i.e., non-neoplastic) cells which are infected 
with a mutant virus lacking the ability to sequester or 
degrade p53 and/or RB are generally unable to support 
replication of the mutant virus, hence such mutant virus- 
es are considered to be replication deficient (or replica- 
tion defective). However, since the sequestration or 
degradation of p53 or RB is not necessary for viral rep- 
lication in cells which lack functional p53 or RB (such 
cells are designated p53< - ) and RB(-) respectively) it is 
possible that replication deficient mutant viruses which 
are defective for p53 and/or RB sequestration or degra- 
dation may express a replication phenotype in such 
p53<-) or RB(-) cells to a greater extent than in cells hav- 
ing essentially normal p53 and/or RB function. Neoplas- 
tic cells frequently lack p53 function (a p53H cell), RB 
function (a RB(-) cell), or both functions (a p53(-)RB<-> 
cell). Hence, some replication deficient viral mutants 
may preferentially exhibit a replication phenotype in ne- 
oplastic cells. 

[0035] Viral mutants lacking the capacity to express 
a functional RB inactivating protein (e.g., adenovirus 
E1a, HPV E7 protein) will manifest a replication pheno- 
type in RB(-) cells and RB(-)p53(-> cells. Viral mutants 
lacking the capacity to express a functional p53 inacti- 
vating protein (e.g., adenovirus E1b p55, HPV E6 pro- 
tein) will manifest a replication phenotype in p53<-) cells 
and RB(-)p53<-> cells. Viral mutants lacking the capacity 
to express both a functional p53 inactivating protein (e. 
g., adenovirus E1b p55, HPV E6 protein) and a func- 
tional RB inactivating protein (e.g., adenovirus E1a, 
HPV E7 protein) will manifest a replication phenotype in 
RB(-)p53H cells. Cytotoxicity linked to the expression of 
a replicative phenotype can therefore be used as a basis 
for preferentially killing neoplastic cells having a RB(-), 
p53(-), or RBHp53(-) phenotype. Although some replicat- 
ing non-neoplastic cells may transiently exhibit a RB<-) 
phenotype, p53<-> phenotype, or RB<- )p53H phenotype 
during progression through the cell cycle, the viral mu- 
tants of the invention may be used for preferential, albeit 
not necessarily completely selective, killing of neoplas- 
tic cells, thus constituting a useful antineoplastic therapy 
modality to be used alone or in combination with other 
modalities of treatment. Deletions (or other inactivating 
mutations) in the 37 amino-terminal residues of the HPV 
E7 polypeptide are preferred HPV mutants for applica- 
tion to RB(-) cells, since these residues are important for 
RB binding. 

[0036] Although the methods and compositions pre- 
sented below are described specifically for methods re- 



lating to replication deficient adenoviral constructs, it is 
believed that the invention can be practiced with other 
DNA viruses encoding oncoproteins which sequester or 
enhance the degradation of p53 protein or RB protein, 
for example replication deficient papillomavirus species 
(e.g., mutants of HPV types 16, 18, 33) that contain mu- 
tations in the E6 and/or E7 genes which substantially 
abrogate p53 and/or RB function, respectively. In addi- 
tion to members of the family Adenoviridae (specifically 
the genus Mastadenovirus), it is believed that members 
of the family Papovaviridae, especially papillomavirus 
and polyomavirus, which encode viral proteins that se- 
quester and/or inactivate p53 or RB are suitable for use 
in the methods of the invention. 
[0037] For a general description of adenovirus and 
papovavirus biology, Virology , Second edition, eds. 
Fields BN and Knipe DM, Vol.2, pp. 1651-1740, Raven 
Press, New York, NY, may be referred to for guidance. 
The following specific descriptions refer to, but are not 
limited to, adenovirus serotype 5 and adenovirus sero- 
type 2. Although it is believed that other adenoviral se- 
rotypes may be used, adenovirus type 5 provides a com- 
mon reference point for the nucleotide numbering con- 
vention of viral polynucleotides and amino acid number- 
ing of viral-encoded polypeptides of the E1a viral gene 
region, and other viral genes. Adenovirus type 2 pro- 
vides a convenient reference for the numbering conven- 
tion of the E1b viral gene region, and other viral gene 
regions. It is believed that those of skill in the art will 
readily identify the corresponding positions in other ad- 
enoviral serotypes. References to human papillomavi- 
rus generally refer to a type associated with neoplasia 
(e.g., types 16, 18, or 33), although non-oncogenic 
types may also be used. 

E1a Mutants 

[0038] The loss of retinoblastoma tumor suppressor 
gene {RB) gene function has been associated with the 
etiology of various types of tumors. The product of this 
tumor suppressor gene, a 105 kilodalton polypeptide 
called pRB or p105, is a cell-cycle regulatory protein. 
The pRB polypeptide inhibits cell proliferation by arrest- 
ing cells at the G 1 phase of the cell cycle. The pRB pro- 
tein is also a major target of several DNA virus oncopro- 
teins, including adenovirus E1a, SV40 large T Ag, and 
papillomavirus E7. These viral proteins bind and inacti- 
vate pRB, and the function of inactivating pRB is impor- 
tant in facilitating viral replication. The pRB protein in- 
teracts with the E2F transcription factor, which is in- 
volved in the expression of the adenovirus E2 gene and 
several cellular genes, and inhibits the activity of this 
transcription factor (Bagchi et al. (1991) Cell 65: 1063; 
Bandara et al. (1991) Nature 351; 494; Chellappan et 
al. (1992) Proc. Natl. Acad. Sci. (U.S.A.) 89: 4549, ). The 
viral oncoproteins, such as adenovirus E1a, disrupt the 
pRB/E2F complex resulting in activation of E2F. How- 
ever, cells lacking sufficient functional pRB to complex 
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the E2F will not require the presence of a functional on- 
coprotein, such as E1a, to possess transcriptionally ac- 
tive E2F. Therefore, it .is believed that replication defi- 
cient adenovirus species which lack the capacity to 
complex RB but substantially retain other essential rep- 
licative functions will exhibit a replication phenotype in 
cells which are deficient in RB function (e.g., cells which 
are homozygous or heterozygous for substantially de- 
leted RB alleles, cells which comprise RB alleles encod- 
ing mutant RB proteins which are essentially nonfunc- 
tional, cells which comprise mutations that result in a 
lack of function of an RB protein) but will not substan- 
tially exhibit a replicative phenotype in non-replicating, 
non-neoplastic cells. Such replication deficient adeno- 
virus species are referred to herein for convenience as 
E1a-RB(") replication deficient adenoviruses. 
[0039] A cell population (such as a mixed cell culture 
or a human cancer patient) which comprises a subpop- 
ulation of neoplastic cells lacking RB function and a sub- 
population of non-neoplastic cells which express essen- 
tially normal RB function can be contacted under infec- 
tive conditions (i.e., conditions suitable for adenoviral in- 
fection of the cell population, typically physiological con- 
ditions) with a composition comprising an infectious 
dosage of a E1a-RB<-) replication deficient adenovirus. 
Such contacting results in infection of the cell population 
with the E1a-RB<-) replication deficient adenovirus. The 
infection produces preferential expression of a replica- 
tion phenotype in a significant fraction of the cells com- 
prising the subpopulation of neoplastic cells lacking RB 
function but does not produce a substantial expression 
of a replicative phenotype in the subpopulation of non- 
neoplastic cells having essentially normal RB function. 
The expression of a replication phenotype in an infected 
RB(-) cell results in the death of the cell, such as by cy- 
topathic effect (CPE), cell lysis, apoptosis, and the like, 
resulting in a selective ablation of neoplastic RB(-) cells 
from the cell population. 

[0040] Typically, E1a-RB<-) replication deficient aden- 
ovirus constructs suitable for selective killing of RB(~) 
neoplastic cells comprise mutations (e.g., deletions, 
substitutions, frameshifts) which inactivate the ability of 
an E1a polypeptide to bind RB protein effectively. Such 
inactivating mutations typically occur in the E1 a CR1 do- 
main (amino acids 30-85 in Ad5: nucleotide positions 
697-790) and/or the CR2 domain (amino acids 120-139 
in Ad5; nucleotide positions 920-967), which are in- 
volved in binding the p1 05 RB protein and the p1 07 pro- 
tein. Preferably, the CR3 domain (spanning amino acids 
150-186) remains and is expressed as a truncated 
p289R polypeptide and is functional in transactivation 
of adenoviral early genes. Fig. 1 portrays schematically 
the domain structure of the E1a-289R polypeptide. 
[0041] Suitable E1a-RBH replication deficient adeno- 
virus constructs for use in the methods and composi- 
tions of the invention include, but are not limited to the 
following examples: (1) adenovirus serotype 5 NT dl 
1010, which encodes an Ela protein lacking the CR1 and 



CR2 domains (deletion of amino acids 2 to 150; nucle- 
otides 560-1009) necessary for efficient RB binding, but 
substantially retaining the CR3 domain (Whyte et al. 
(1989) Cell 56: 67, ), and (2) adenovirus serotype 5 dl 

5 312, which comprises a deleted viral genome lacking 
the region spanning nucleotides 448-1349 which en- 
codes the entire E1a region in wild-type adenovirus 
(Jones N and Shenk T (1979) Proc. Natl. Acad. Sci. (U. 
S.A.) 76: 3665, ). Ad5 NT dl 1010 is a preferred E1a- 

10 RB(-) replication deficient adenovirus and is available 
from Dr. E. Harlow, Massachusetts General Hospital, 
Boston, MA). 

[0042] It may be preferable to incorporate additional 
mutations into such adenovirus constructs to inhibit for- 

*5 mation of infectious virions in neoplastic cells which oth- 
erwise would support replication of the E1a-RBH mu- 
tants. Such additional inactivating mutations would be 
preferred in therapeutic modalities wherein complete vi- 
ral replication forming infectious virions capable of 

20 spreading to and infecting adjacent cells is undesirable. 
These fully inactivated mutants are referred to-as non- 
replicable E1a-RBH mutants. Such nonreplicable mu- 
tants comprise mutations which prevent formation of in- 
fectious virions even in p53<-)RBH cells; such mutations 

25 typically are structural mutations in an essential virion 
protein or protease. 

[0043] However, in many modalities it is desirable for 
the mutant virus to be replicable and to form infectious 
virions containing the mutant viral genome which may 

30 spread and infect other cells, thus amplifying the antin- 
eoplastic action of an initial dosage of mutant virus. 
[0044] Additional E1aH mutants lacking the capacity 
to bind RB can be generated by those of skill in the art 
by generating mutations in the E1a gene region encod- 

35 ing E1a polypeptides, typically in the CR1 and/or CR2 
domains, expressing the mutant E1a polypeptide, con- 
tacting the mutant E1 a polypeptides with p1 05 or a bind- 
ing fragment of RB under aqueous binding conditions, 
and identifying mutant Ela polypeptides which do not 

^0 specifically bind RB as being candidate E1aH mutants 
suitable for use in the invention. Alternative assays in- 
clude contacting the mutant E1a polypeptides with the 
300kD protein and/or p107 protein or binding fragment 
thereof under aqueous binding conditions, and identify- 

45 ing mutant E1a polypeptides which do not specifically 
bind the 300kD and/or p107 polypeptides as being can- 
didate E1aH mutants suitable for use in the invention. 
Alternative binding assays include determining the ina- 
bility of E1 a( _ ) mutant protein (or absence of E1 a protein) 

50 to form complexes with the transcription factor E2F and/ 
or to lack the ability to dissociate the RB protein from 
f?S:E2F complexes under physiological conditions 
(Chellappan et al. (1 991 ) op.cit. ,). 
[0045] Alternative functional assays for determining 

55 mutants lacking E1a function, such as loss of transcti- 
vation by E1a of transcription of various reporter 
polypeptides linked to a E1a-dependent transcriptional 
regulatory sequence, and the like, will be used. 
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[0046] Some human tumor cells lack both p53 func- 
tion and RB function, either by mutational inactivation 
or deletion of one or both protein species. Such cells are 
termed p53<")RB(") cells. 

[0047] It is believed that replication deficient adenovi- 
rus species which lack the capacity to bind p53 and 
which also lack the capacity to bind RB, but which sub- 
stantially retain other essential viral replicative functions 
will preferentially exhibit a replication phenotype in 
p53<-)RB(-) cells. Such replication deficient adenovirus 
species are referred to herein for convenience as E1a- 
RB(")/E1b-p53<-) replication deficient adenoviruses, or 
simply E1a/E1b double mutants. Such E1a/E1b double 
mutants can be constructed by those of skill in the art 
by combining at least one E1a-RB<-> mutation in the E1a 
region and at least one E1b-p53<") mutation in E1b re- 
gion encoding p55 to form a E1 a/E1 b double mutant ad- 
enovirus. Such a replication deficient double mutant ad- 
enovirus will exhibit a replication phenotype in cells 
which are deficient in both p53 and RB functions but will 
not substantially exhibit a replicative phenotype in non- 
replicating, non-transformed cells or in cells which are 
deficient in either p53 or RB function but not both func- 
tions. For example, the Ad5 dl 434 mutant (Grodzicker 
et al. (1980) Cell 21: 454, comprises a deletion of the 
E1a locus and a partial deletion of the E1b locus, and 
substantially lacks the capacity to encode functional 
E1a and E1b p55 proteins. 

[0048] A cell population (such as a mixed cell culture 
or a human cancer patient) which comprises a subpop- 
ulation of neoplastic cells lacking p53 and RB functions 
and a subpopulation of non-neoplastic cells which ex- 
press essentially normal p53 function and/or RB func- 
tion can be contacted under infective conditions (i.e., 
conditions suitable for adenoviral infection of the cell 
population, typically physiological conditions) with a 
composition comprising an infectious dosage of a repli- 
cation deficient E1a/E1b double mutant adenovirus. 
Such contacting results in infection of the cell population 
with the E1a/E1b double mutant replication deficient ad- 
enovirus. The infection produces preferential expres- 
sion of a replication phenotype in a significant fraction 
of the cells comprising the subpopulation of neoplastic 
cells lacking both p53 function and RB function but does 
not produce a substantial expression of a replicative 
phenotype in the subpopulation of non-neoplastic cells 
having essentially normal p53 function and/or RB func- 
tion. The expression of a replication phenotype in an in- 
fected p53(-)RBH cell results in the death of the cell, 
such as by cytopathic effect (CPE), cell lysis, and the 
like, resulting in a selective ablation of neoplastic 
p53(~)RBH cells from the cell population. 
[0049] It may be preferable to incorporate additional 
mutations into such adenovirus constructs to inhibit for- 
mation of infectious virions in neoplastic cells which oth- 
erwise would support replication of an E1a/E1b double 
mutant. Such additional inactivating mutations would be 
preferred in therapeutic modalities wherein complete vi- 



ral replication forming infectious virions capable of 
spreading to and infecting adjacent cells is undesirable. 
These fully inactivated mutants are referred to as non- 
replicable E1a/ E1b double mutants. Such nonreplica- 
5 ble mutants comprise mutations which prevent forma- 
tion of infectious virions even in p53<- )RB<-) cells; such 
mutations typically are structural mutations in an essen- 
tial virion protein or protease. 

[0050] However, in many modalities it is desirable for 
10 the mutant virus to be replicable and to form infectious 
virions containing the mutant viral genome which may 
spread and infect other cells, thus amplifying the antin- 
eoplastic action of an initial dosage of mutant virus. 

*5 Negative Selection Viral Constructs 

[0051] Although expression of an adenoviral replica- 
tion phenotype in an infected cell correlates with viral- 
induced cytotoxicity, generally by cell lysis, cytopathic 

20 effect (CPE), apoptosis, or other mechanisms of cell 
death, it may often be preferable to augment the cyto- 
toxicity of a recombinant adenovirus that is to be used 
for antineoplastic therapy. Such augmentation may take 
the form of including a negative selection gene in the 

25 recombinant adenovirus, typically operably linked to an 
adenoviral promoter which exhibits positive transcrip- 
tional modulation in cells expressing a replication phe- 
notype. For example, a HSV tk gene cassette may be 
operably linked immediately downstream of an E3 pro- 

30 moter of a replication deficient adenovirus, such as Ad5 
NT dl 1110. Frequently, it is desirable to delete a nones- 
sential portion (i.e., for viral replication and packaging) 
of the adenoviral genome to accommodate the negative 
selection cassette; thus a substantial portion of the E3 

35 gene region may be deleted and replaced with a nega- 
tive selection cassette such as an HSV tk gene operably 
linked to an E2 promoter (and enhancer) or other suita- 
ble promoter/enhancer. Alternatively, a negative selec- 
tion gene may be operably linked to an adenovirus late 

^0 region promoter to afford efficient expression of the neg- 
ative selection gene product in cells expressing a repli- 
cation phenotype characterized by transcription from 
late gene promoters. 

[0052] For embodiments where viral replication form- 
45 ing infectious virions in vivo is undesirable, adenovirus 
replication deficient constructs which are nonreplicable 
are used. Such nonreplicable mutants comprise an 
E1aH and/or E1bH mutation and comprise all genetic 
functions necessary for generating a replication pheno- 
50 type in a suitable neoplastic cell (e.g., a p53<-)cell, a 
RBH cell, or a p53<- )RB(-) cell) but have deleted at least 
one essential gene function necessary for formation of 
infectious virions, such as structural coat proteins, pro- 
teases, and the like. Alternatively, an elicited immune 
55 response evoked by the virus may neutralize infectious 
virions and moderate spread of the viral infection. Non- 
replicable mutants lacking a complementable trans-act- 
ing function in addition to an E1a and/or E1b mutation 
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may be propagated in conjunction with a complementa- 
ry helper virus or a helper cell line capable of providing 
the deleted trans-acting function(s). For example, the 
293 cell line (ATCC # CRL 1573; Graham et al. (1977) 
vhGen. Virol. 36: 59.) which provides E1a and E1b func- 
tions in trans may be modified to provide additional func- 
tions in trans, such as a virion coat protein or the like, 
to permit propagation of the "nonreplicable" mutants for 
developing virus stocks. 

[0053] Expression of the HSV tk gene in a cell is not 
directly toxic to the cell, unless the cell is exposed to a 
negative selection agent such as gancyclovir or FIAU. 
Infected cells expressing a replication phenotype 
wherein a negative selection gene is substantially ex- 
pressed may produce essentially no additional cytotox- 
icity until the negative selection agent (e.g., gancyclovir) 
is administered in an effective selective dosage, at 
which time the infected cells expressing the tk gene will 
be selectively ablated; thus negative selection can be 
used for enhanced cytopathic killing and/or to damp out 
further viral replication by killing cells exhibiting a repli- 
cative phenotype. Further, by adjusting the dosages 
and/or administration schedule of the negative selection 
agent, it is possible to produce only a partial ablation of 
the infected cell population expressing the negative se- 
lection gene. Generally, the dosage of gancyclovir is cal- 
ibrated by generating a standard dose-response curve 
and determining the dosage level at which a desired lev- 
el of ablation of infected neoplastic cells is observed. 
Information regarding administration of gancyclovir 
(GANC) to animals is available in various sources in the 
art, including human prescribing directions from pack- 
age inserts. When used in cell culture, a selective con- 
centration of gancyclovir is typically in the range of 
0.05u.M to 50 u,M, typically about 1 jiM, with about 0.2 
jiM used for in vitro applications and about 1-5 jiM ad- 
ministered for in vivo applications (typically adminis- 
tered over about 24 hours by continuous infusion from 
an osmotic pump loaded with 125mg/ml of gancyclovir 
in aqueous solution). A dosage schedule for in vivo ad- 
ministration may comprise gancyclovir at a dosage of 5 
mg/kg bodyweight B.I.D., given intravenously for seven 
days. 

[0054] Negative selection genes may be incorporated 
into E1a-RB(") replication deficient adenovirus con- 
structs, E1 ba-p53<-> replication deficient adenoviral con- 
structs, E1a/E1b double mutant replication deficient vi- 
ral constructs, or the like. A preferred embodiment is an 
HSV tk gene cassette (Zjilstra et al. (1 989) Nature 342 : 
435; Mansour et al. (1988) Nature 336: 348; Johnson et 
al. (1989) Science 245: 1234: Adair et al. (1989) Proc. 
Natl. Acad. Sci (U.S.A.) 86: 4574; Capecchi, M. (1989) 
Science 244:1288, ) operably linked to the E2 promoter 
of Ad5 NT dl1110 or an alternative promoter and/or en- 
hancer (e.g., major late promoter, E1a promoter/en- 
hancer, E1b promoter/enhancer), with a polydenylation 
site to form a tk expression cassette. The tk expression 
cassette (or other negative selection expression cas- 



sette) is inserted into the adenoviral genome, for exam- 
ple, as a replacement for a substantial deletion of the 
E3 gene. Other negative selection genes and replication 
deficient adenovirus constructs will be apparent to those 

5 of skill in the art. It is believed that a negative selection 
gene operably linked to the E2 promoter is an especially 
preferred embodiment for incorporation into E1a<*) rep- 
lication-deficient adenovirus mutants, as the E2 promot- 
er contains multiple E2F sites, whereas RB(-) and 

10 p53(~)RB(-) lack RB function and presumably will exhibit 
more efficient transcription from the E2 promoter. 

Diagnostic and In Vitro Uses 

15 [0055] The replication deficient adenoviruses of the 
invention may be used to detect the presence of cells 
lacking p53 and/or RB function. For example, a cell sam- 
ple comprising a subpopulation of neoplastic cells lack- 
ing p53 and/or RB can be infected with a suitable repli- 

20 cation deficient adenovirus species. After a suitable in- 
cubation period, the cells in the cell sample that express 
a replication phenotype (e.g., loss of ability to exclude 
Trypan blue, virion formation, 3 H-thymidine incorpora- 
tion into viral DNA) can be quantified to provide a meas- 

25 ure of the number or proportion of replicative and/or ne- 
oplastic cells in the cell sample. Such methods may be 
used to diagnose neoplasms and/or evaluate tumor cell 
load following chemotherapy in a patient on the basis of 
an explanted cell sample (e.g., a lymphocyte sample 

30 from a patient undergoing chemotherapy for a lym- 
phocytic leukemia). 

[0056] Alternative diagnostic uses and variations are 
apparent; for example, a reporter gene (e.g., luciferase, 
P-galactosidase) may be substituted for a negative se- 

35 lection gene in a replication deficient adenovirus; trans- 
formed cells may be scored (such as in a cellular sample 
or transformation assay) by the expression of the report- 
er gene, which is correlated with expression of a repli- 
cation phenotype indicating a lack of p53 and/or RB in 

40 a cell. 

Therapeutic Methods 

[0057] Therapy of neoplastic disease may be afforded 
45 by administering to a patient a composition comprising 
replication defective adenoviruses of the invention, in- 
cluding: E1a-RB(-) replication deficient adenoviruses, 
E1b-p53<") replication deficient adenoviruses, E1a/E1b 
double mutants, and replication deficient adenoviruses 
50 further comprising a negative selection gene. 

[0058] Various human neoplasms comprising cells 
that lack p53 and/or RB functions may be treated with 
the replication deficient adenoviral constructs. For ex- 
ample but not limitation, a human patient or nonhuman 
55 mammal having a bronchogenic carcinoma, nasopha- 
ryngeal carcinoma, laryngeal carcinoma, small cell and 
non-small cell lung carcinoma, lung adenocarcinoma, 
hepatocarcinoma, pancreatic carcinoma, bladder card- 
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noma, colon carcinoma, breast carcinoma, cervical car- 
cinoma, ovarian carcinoma, or lymphocytic leukemias 
may be treated by administering an effective antineo- 
plastic dosage of an appropriate replication deficient ad- 
enovirus. Suspensions of infectious adenovirus parti- 
cles may be applied to neoplastic tissue by various 
routes, including intravenous, intraperitoneal, intramus- 
cular, subdermal, and topical. A adenovirus suspension 
containing about 1 0 3 to 1 0 12 or more virion particles per 
ml may be inhaled as a mist (e.g., for pulmonary delivery 
to treat bronchogenic carcinoma, small-cell lung carci- 
noma, non-small cell lung carcinoma, lung adenocarci- 
noma, or laryngeal cancer) or swabbed directly an a tu- 
mor site for treating a tumor (e.g., bronchogenic carci- 
noma, nasopharyngeal carcinoma, laryngeal carcino- 
ma, cervical carcinoma) or may be administered by in- 
fusion (e.g., into the peritoneal cavity for treating ovarian 
cancer, into the portal vein for treating hepatocarcinoma 
or liver metastases from other non-hepatic primary tu- 
mors) or other suitable route, including direct injection 
into a tumor mass (e.g., a breast tumor), enema (e.g., 
colon cancer), or catheter (e.g., bladder cancer). 
[0059] Candidate antineoplastic adenovirus mutants 
may be further evaluated by their capacity to reduce tu- 
morigenesis or neoplastic cell burden in nu/nu mice har- 
boring a transplant of neoplastic cells lacking RB func- 
tion, as compared to untreated mice harboring an equiv- 
alent transplant of the neoplastic cells. 
[0060] Antineoplastic replication deficient adenovirus 
mutants may be formulated for therapeutic and diagnos- 
tic administration to a patient having a neoplastic dis- 
ease. For therapeutic or prophylactic uses, a sterile 
composition containing a pharmacologically effective 
dosage of one or more species of antineoplastic repli- 
cation deficient adenovirus mutant is administered to a 
human patient or veterinary non-human patient for treat- 
ment of a neoplastic condition. Generally, the composi- 
tion will comprise about 10 3 to 10 15 or more adenovirus 
particles in an aqueous suspension. A pharmaceutical^ 
acceptable carrier or excipient is often employed in such 
sterile compositions. A variety of aqueous solutions can 
be used, e.g. , water, buffered water, 0.4% saline, 0.3% 
glycine and the like. These solutions are sterile and gen- 
erally free of particulate matter other than the desired 
adenoviral virions. The compositions may contain phar- 
maceutical^ acceptable auxiliary substances as re- 
quired to approximate physiological conditions such as 
pH adjusting and buffering agents, toxicity adjusting 
agents and the like, for example sodium acetate, sodium 
chloride, potassium chloride, calcium chloride, sodium 
lactate, etc. Excipients which enhance infection of cells 
by adenovirus may be included. 
[0061] Replication deficient viruses may be delivered 
to neoplastic cells by liposome or immunoliposome de- 
livery; such delivery may be selectively targeted to ne- 
oplastic cells on the basis of a cell surface property 
present on the neoplastic cell population (e.g., the pres- 
ence of a cell surface protein which binds an immu- 



noglobulin in an immunoliposome). Typically, an aque- 
ous suspension containing the virions are encapsulated 
in liposomes or immunoliposomes. For example, a sus- 
pension of replication deficient adenovirus virions can 

5 be encapsulated in micelles to form immunoliposomes 
by conventional methods (U.S. Patent 5,043,164, U.S. 
Patent 4,957,735, U.S. Patent 4,925,661; Connor and 
Huang (1985) J. Cell Biol. 101 : 582; Lasic DD (1992) 
Nature 355: 279; Novel Drug Delivery (eds. Prescott LF 

10 and Nimmo WS: Wiley, New York, 1989); Reddy et al. 
(1992) J. Immunol. 148: 1585. Immunoliposomes com- 
prising an antibody that binds specifically to a cancer 
cell antigen (e.g., CALLA, CEA) present on the cancer 
cells of the individual may be used to target virions to 

15 those cells. 

[0062] The compositions containing the present anti- 
neoplastic replication deficient adenoviruses or cock- 
tails thereof can be administered for prophylactic and/ 
or therapeutic treatments of neoplastic disease. In ther- 

20 apeutic application, compositions are administered to a 
patient already affected by the particular neoplastic dis- 
ease, in an amount sufficient to cure or at least partially 
arrest the condition and its complications. An amount 
adequate to accomplish this is defined as a "therapeu- 

25 tically effective dose" or "efficacious dose." Amounts ef- 
fective for this use will depend upon the severity of the 
condition, the general state of the patient, and the route 
of administration. 

[0063] In prophylactic applications, compositions 
30 containing the antineoplastic replication deficient aden- 
oviruses or cocktails thereof are administered to a pa- 
tient not presently in a neoplastic disease state to en- 
hance the patient's resistance to recurrence of a neo- 
plasm or to prolong remission time. Such an amount is 
35 defined to be a "prophylactically effective dose." In this 
use, the precise amounts again depend upon the pa- 
tient's state of health and general level of immunity. 
[0064] Single or multiple administrations of the com- 
positions can be carried out with dose levels and pattern 
40 being selected by the treating physician. In any event, 
the pharmaceutical formulations should provide a quan- 
tity of the antineoplastic replication deficient adenovirus- 
es of this invention sufficient to effectively treat the pa- 
tient. 

45 [0065] Antineoplastic replication deficient adenoviral 
therapy of the present invention may be combined with 
other antineoplastic protocols, such as conventional 
chemotherapy. 

50 Propagation of Mutant Adenovirus 

[0066] Adenoviral mutants of the invention (e.g., E1a- 
RB(-) replication deficient adenoviruses, and E1a/E1b 
double mutants) typically are propagated as viral stocks 
55 in a cell line (e.g., the 293 cell line ATCC # CRL 1573, 
American Type Culture Collection, Rockville, MD; Gra- 
ham etal. (1977) J. Gen. Virol. 36: 59) which can provide 
E1a function, E1b function, or both E1a and E1b func- 
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tions, respectively, in trans to support replication and for- 
mation of infectious mutant virions. 
[0067] The following examples are offered by way of 
example and not by way of limitation. Variations and al- 
ternate embodiments will be apparent to those of skill in 
the art. 

EXPERIMENTAL EXAMPLE 

[0068] The following experimental example demon- 
strates that administering a replication-deficient recom- 
binant adenovirus preparation to neoplastic cells lacking 
p53 and/or Rb function can effectively kill neoplastic 
cells. The example also shows that non-neoplastic cells 
containing p53 and Rb function are relatively resistant 
to killing by the replication-deficient recombinant aden- 
ovirus preparation. Therefore, the data presented here- 
inbelow provide experimental verification that adminis- 
tration of replication-deficient recombinant adenovirus 
can be used to selectively kill neoplastic cells. The se- 
lective killing is provided by exploiting the differential 
ability of the mutant adenoviruses to induce a replication 
phenotype in neoplastic cells, but substantially not in- 
duce a replication phenotype (or associated cytopathic 
effect) in non-neoplastic cells. 

[0069] Control non-neoplastic cells and cell lines rep- 
resenting a variety of neoplastic cell types were plated 
in 6-well culture dishes at or near confluence in DMEM 
(high glucose) with 10% fetal bovine serum and incu- 
bated at 37°C, 5% C0 2 under standard culturing condi- 
tions. Cells were plated to be screened at a density of 
5 x 10 5 cells/well. The neoplastic cell lines tested were: 
SAOS-2 (ATCC HTB85), derived from a human primary 
osteogenic sarcoma; U-20S (ATCC HTB96), derived 
from a human osteogenic sarcoma; HS700T, (ATCC 
HTB147), derived from a human metastatic adenocar- 
cinoma originating in the pancreas or intestines; 293 
(ATCC CRL1573), transformed human embryonal kid- 
ney; and DLD-1 (ATCC CCL221 ), derived from a human 
colon adenocarcinoma. Each of the cell lines is available 
from American Type Culture Collection, Rockville, MD. 
The control non-neoplastic cells were IMR90 (ATCC 
CCL 186) and WI-38 (ATCC CCL 75), both diploid hu- 
man lung fibroblast lines. 

[0070] These cell cultures were subsequently infect- 
ed, in parallel, with wild-type adenovirus Type 2, and 
replication-deficient recombinant adenovirus mutants dl 
11010, dl 434, and dl 1520. An extra culture dish was 
plated for the purpose of counting cells. These cells 
came from the same suspension of cells used for the 
viral infections. Cells were counted in order to determine 
the number of viral plaque-forming units (PFU) to add 
to the cell cultures for a desired multiplicity of infection 
(MOI). The wild-type adenovirus Type 2 and the mutant 
adenoviruses were added to the parallel cell cultures at 
MOIs of 0.1 , 1 .0, 10, and 100. Virus suspended in PBS 
was added to the cell wells in a volume of 1 ml. The 
inoculated culture dishes were rocked in both the X- and 



Y- axes immediately after inoculation and halfway 
through the adsorption time of approximately one hour 
at 37°C, 5% C0 2 . After the one hour adsorption period, 
2 ml of DMEM with high glucose and 2% fetal bovine 

5 serum was added, and the cultures incubated at 37°C, 
5% C0 2 under standard culturing conditions. 
[0071] At various times after infection, see , Fig. 2(a- 
i), cell cultures were stained with 0.5% crystal violet in 
20% methanol in order to determine the efficacy of cell 

10 killing by the virus preparations. Dead cells were de- 
tached and rinsed out of the wells, whereas living cells 
remained in the well and were stained with the dye. The 
results demonstrate that the replication-deficient recom- 
binant adenovirus preparations were able to preferen- 

?5 tially kill neoplastic cells as compared to non-neoplastic 
cells, and that wild-type adenovirus Type 2 killed both 
neoplastic and non-neoplastic cells approximately 
equally well. The results demonstrate that the dl 11010 
mutant was particularly effective at killing neoplastic 

20 cells, with the dl 1 520 mutant and the dl 434 mutant also 
being effective. An example of the results is shown in 
Fig. 2a-i, which are photographs of the stained cell wells 
obtained at various times after infection with wild-type 
adenovirus 2, the mutants: dl 1010 (E1AH), dl1520 

25 (E1 B(")), or dl 434. Fig. 2a shows that in the absence of 
virus, each of the cell cultures had grown to confluence 
and were attached to the culture wells. Fig. 2b-c shows 
that wild-type adenovirus 2 was able to kill cells in each 
of the culture wells, although with variable efficacy and 

30 incompletely, with at least some cells staining in each 
well. Note that WI-38 and SAOS-2 lines are not good 
hosts for adenovirus infection and that IMR90 (Fig. 3a- 
c) serves as an alternate control cell line for human dip- 
loid fibroblasts. Fig. 2d-e shows that the dl 1010 mutant 

35 was able to kill effectively all of the neoplastic cell lines 
except the infection-resistant SAOS-2. dl 1010 killed the 
293, U20S, HS700T, and DLD-1 lines by 12 days after 
infection and did not substantially kill diploid human lung 
fibroblasts (WI-38). Fig. 2f-g shows that the dl 1 520 mu- 

40 tant was able to kill effectively 3 of the 5 neoplastic cell 
lines (293, HS700T, and DLD-1) by 14-20 days after in- 
fection and did not substantially kill diploid human lung 
fibroblasts (WI-38). dl 1 520 is an E1 BH mutant, and cell 
line U20S does not allow such an E1BH mutant virus 

45 to replicate, indicating specificity of the different trans- 
formed cell lines for infection by the mutant recombina- 
tion-defective adenoviruses, as predicted. Fig. 2h-i 
shows that the dl 434 mutant (a double-mutant: 
E1A(-)E1B(")) was able to kill effectively 3 of the 5 neo- 

50 plastic cell lines (293, HS700T, and DLD-1) by 14-20 
days after infection and did not substantially kill diploid 
human lung fibroblasts (WI-38). The DLD-1 and U20S 
lines displayed a partially resistant phenotype for repli- 
cation of dl 434. 

55 [0072] Fig. 3(a-c) show that IMR90 human diploid 
lung fibroblasts were killed differentially by wild-type 
Ad2, dl 1010, and dl 1520. The 293 cell line serves as 
a positive control. Fig. 3(a) shows that wild-type Ad2 
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killed the IMR90 cells effectively at an MOI of 10 or 100. 
Fig. 3(b) shows that dl 1010 was unable to replicate in 
IMR90 cells at the highest MOI tested, even though dl 
1010 killed neoplastic cell lines 293, U20S, HS700T, 
and DLD-1 as shown in Fig. 2(d-e). Fig. 3(c) shows that 
dl 1 520 virus was able to kill IMR90 cells effectively only 
at an MOI of 100; at this high dosage of virus the pos- 
sibility that the cells die as a result of virus overload rath- 
er than replication cannot be ruled out. 
[0073] Thus, the data shown in Figs. 2(a-i) and 3(a-c) 
indicate that replication-deficient recombinant adenovi- 
rus mutants can be used to selectively kill neoplastic 
cells lacking p53 and/or Rb function, as predicted. 



Claims 

1 . A recombinant replication deficient virus lacking an 
expressed viral oncoprotein capable of binding a 
functional RB tumour suppressor gene product, for 
use in a method of treatment or therapy of a mam- 
mal; 

said treatment or therapy comprising the abla- 
tion of neoplastic cells in a cell population com- 
prising said neoplastic cells and non-neoplastic 
cells; 

said non-neoplastic cells containing a function- 
al RB tumour suppressor gene product capable 
of forming a bound complex with said viral on- 
coprotein and said neoplastic cells lacking said 
functional RStumoursuppressorgene product. 

2. A recombinant replication deficient virus for use ac- 
cording to claim 1 which is an adenovirus or a pap- 
illomavirus. 

3. A.recombinant replication deficient virus for use ac- 
cording to any one of the preceding claims wherein 
the neoplastic cells are p53HRBH. 

4. A recombinant replication deficient virus for use ac- 
cording to claim 1 which is an adenovirus lacking 
an expressed viral E1a oncoprotein capable of 
binding a functional tumour suppressor gene prod- 
uct. 

5. A recombinant replication deficient adenovirus for 
use according to claim 4 wherein the viral E1a on- 
coprotein has an inactivating mutation in the CR1 
domain at amino acids 30-85 in Ad5, nucleotide po- 
sitions 697-790, and/or the CR2 domain at amino 
acids 120-139 in Ad5, nucleotide positions 
920-967. 

6. A recombinant replication deficient adenovirus for 
use according to claim 4 or 5, wherein said virus is 
adenovirus type 5 dl 312 or adenovirus type 5 NT 



dl 1010. 

7. A recombinant replication deficient virus for use ac- 
cording, to any one of the preceding claims wherein 

5 the mammal is a human. 

8. A recombinant replication deficient virus for use ac- 
cording to any one of the preceding claims, wherein 
the adenovirus is capable of forming infectious vir- 

10 ions in the neoplastic cell which are able to spread 
and infect adjacent cells in vivo in a patient. 

9. A recombinant replication deficient virus for use ac- 
cording to any one of the preceding claims which is 

*5 nonreplicable for forming infectious virions in non- 
neoplastic cells of a human patient. 

10. A recombinant replication virus for use according to 
any one of the preceding claims further comprising 

20 a negative selection gene operably linked to a viral 
promoter. 

11. A pharmaceutical composition comprising a recom- 
binant replication deficient virus as defined in any 

25 one of claims 1 to 10, and a pharmaceutical^ ac- 
ceptable carrier. 

12. A composition according to claim 11 which further 
comprises a chemotherapeutic agent. 

30 

13. Use of a recombinant replication deficient virus 
lacking an expressed viral oncoprotein capable of 
binding a functional RB tumour suppressor gene 
product, for the manufacture of a medicament for 

35 the ablation of neoplastic cells in a cell population 
comprising said neoplastic cells and non-neoplastic 
cells; 

said non-neoplastic cells containing a func- 
tional RB tumour suppressor gene product capable 
to of forming a bound complex with said viral oncopro- 
tein and said neoplastic cells lacking said functional 
RB tumour suppressor gene product. 

14. Use according to claim 13 wherein said recom- 
45 binant replication deficient virus is as defined in any 

one of claims 2 to 10. 

15. Use according to claim 1 3 or claim 1 4 wherein said 
medicament further comprises a chemotherapeu- 

50 tic. 

1 6. Use according to any one of claims 1 3 to 1 5 for the 
treatment of a RB negative cancer selected from a 
bronchogenic carcinoma, nasopharyngeal carcino- 

55 ma, laryngeal carcinoma, small cell and non-small 
cell lung carcinoma, lung adenocarcinoma, hepato- 
carcinoma, pancreatic carcinoma, bladder carcino- 
ma, colon carcinoma, breast carcinoma, cervical 
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carcinoma, ovarian carcinoma, or lymphocytic 
leukemia. 

17. An in vitro method of ablating neoplastic cells lack- 
ing a functional RB tumour suppressor gene prod- 
uct in a cell population of neoplastic and nonneo- 
plastic cells which have RB tumour suppressor 
function, said method comprising: 

contacting under infective conditions (1 ) a re- 
combinant replication deficient virus lacking an ex- 
pressed viral oncoprotein capable of binding a func- 
tional RB tumour suppressor gene product, with (2) 
a cell population comprising said neoplastic cells 
and non-neoplastic cells, thereby generating an in- 
fected cell population such that ablation of said ne- 
oplastic cells occurs. 

18. A method according to claim 17 wherein said virus 
is as defined in any one of claims 1 to 10. 

19. A method according to claim 17 or 18 wherein said 
neoplastic cell lacking RB suppressor function is a 
cancer cell from a bronchogenic carcinoma, na- 
sopharyngeal carcinoma, laryngeal carcinoma, 
small cell and non-small cell lung carcinoma, lung 
adenocarcinoma, hepatocarcinoma, pancreatic 
carcinoma, bladder carcinoma, colon carcinoma, 
breast carcinoma, cervical carcinoma, ovarian car- 
cinoma, or lymphocytic leukemia. 

20. An in vitro method for detecting the absence of func- 
tional tumour suppressor activity in a cell popula- 
tion, comprising: 

contacting said cell population with a recom- 
binant replication deficient adenovirus lacking an 
expressed viral oncoprotein capable of binding a 
functional RB tumour suppressor gene product, un- 
der infective conditions, and determining the 
number or proportion of cells in said population with 
a replication phenotype. 

21. A method according to claim 20 wherein said deter- 
mining comprises measuring ability of cells to ex- 
clude dye, to incorporate a labelled nucleotide into 
viral DNA, or to form virions. 

22. A method for producing adenovirus that is incapa- 
ble of encoding a functional oncoprotein that binds 
to a RB tumor suppressor protein, comprising con- 
tacting cells that substantially lack said tumor sup- 
pressor protein with said adenovirus thereby infect- 
ing said cells, and allowing sufficient time for said 
virions to replicate in said cells. 

23. A method according to claim 22 wherein said ade- 
novirus is incapable of encoding a functional onco- 
protein that is encoded by an E1a region of adeno- 
virus. 



Patentanspruche 

1. Rekombinantes Virus mit Replikationsdefizienz, 
dem ein exprimiertes virales Onkoprotein fehlt, das 

5 zur Bindung eines funktionellen RB-Tumorsuppres- 
sor-Genprodukts fahig ist, zur Verwendung in ei- 
nem Verfahren zur Behandlung oder Therapie ei- 
nes Saugetiers; 

10 wobei die Behandlung oder Therapie die Abla- 

tion neoplastischer Zellen in einer Zellpopulati- 
on umfafM, welche die neoplastischen Zellen 
und nicht-neoplastische Zellen umfafM; 
wobei die nicht-neoplastischen Zellen ein funk- 

15 tionelles RB-Tumorsuppressor-Genprodukt 

enthalten, das zur Bildung eines gebundenen 
Komplexes mit dem viralen Onkoprotein fahig 
ist, und den neoplastischen Zellen das funktio- 
nelle RB-Tumorsuppressor-Genprodukt fehlt. 

20 

2. Rekombinantes Virus mit Replikationsdefizienz zur 
Verwendung nach Anspruch 1 , das ein Adenovirus 
oder ein Papillomavirus ist. 

25 3. Rekombinantes Virus mit Replikationsdefizienz zur 
Verwendung nach einem der vorangegangenen 
Anspruche, worin die neoplastischen Zellen 
p53(-)RBH sind. 

30 4. Rekombinantes Virus mit Replikationsdefizienz zur 
Verwendung nach Anspruch 1 , das ein Adenovirus 
ist, dem ein exprimiertes virales E1a-Onkoprotein 
fehlt, das zur Bindung eines funktionellen Tumor- 
suppressor-Genprodukts fahig ist. 

35 

5. Rekombinantes Adenovirus mit Replikationsdefizi- 
enz zur Verwendung nach Anspruch 4, worin das 
virale E1a-Onkoprotein eine inaktivierende Mutati- 
on in der CR1-Domane an den Aminosauren 30-85 

40 in Ad5, Nukleotidpositionen 697-790, und/oder der 
CR2-Domane an den Aminosauren 1 20-1 39 in Ad5, 
Nukleotidpositionen 920-967, aufweist. 

6. Rekombinantes Adenovirus mit Replikationsdefizi- 
45 enz zur Verwendung nach Anspruch 4 oder 5, worin 

das Virus Adenovirus vom Typ 2 dl 312 oder Ade- 
novirus vom Typ 5 NT dl 1010 ist. 

7. Rekombinantes Virus mit Replikationsdefizienz zur 
50 Verwendung nach einem der vorangegangenen 

Anspruche, worin das Saugetier ein Mensch ist. 

8. Rekombinantes Virus mit Replikationsdefizienz 
nach einem der vorangegangenen Anspruche, wor- 

55 in das Adenovirus zur Bildung von infektiosen Virio- 
nen in der neoplastischen Zelle fahig ist, die sich in 
vivo in einem Patienten auf benachbarte Zellen 
ausbreiten und diese infizieren konnen. 
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9. Rekombinantes Virus mit Replikationsdefizienz zur 
Verwendung nach einem der vorangegangenen 
Anspruche, das nicht-replizierbar ist, um infektiose 
Virione in nicht-neoplastischeri Zellen eines Men- 
schen zu bilden. 

10. Rekombinantes Virus mit Replikationsdefizienz zur 
Verwendung nach einem der vorangegangenen 
Anspruche, das weiters ein negatives Selektions- 
gen umfaftt, das mit einem viralen Promotor opera- 
bel verbunden ist. 

11. Pharmazeutische Zusammensetzung, die ein re- 
kombinantes Virus mit Replikationsdefizienz, wie in 
einem der Anspruche 1 bis 10 definiert, und einen 
pharmazeutisch annehmbaren Trager umfafct. - 

12. Zusammensetzung nach Anspruch 11, die weiters 
ein Chemotherapeutikum umfafct. 

13. Verwendung eines rekombinanten Virus mit Repli- 
kationsdefizienz, dem ein exprimiertes virales On- 
koprotein fehlt, das zur Bindung eines funktionellen 
RB-Tumorsuppressor-Genprodukts fahig ist, zur 
Herstellung eines Medikaments zur Ablation neo- 
plastischer Zellen in einer Zellpopulation, welche 
die neoplastischen Zellen und nicht-neoplastische 
Zellen enthalt; 

wobei die nicht-neoplastischen Zellen ein 
funktionelles RB-Tumorsuppressor-Genprodukt 
enthalten, das zur Bildung eines gebundenen Kom- 
plexes mit dem viralen Onkoprotein und den neo- 
plastischen Zellen fahig ist, denen das funktionelle 
RB-Tumorsuppressor-Genprodukt fehlt. 

14. Verwendung nach Anspruch 13, worin das rekom- 
binante Virus mit Replikationsdefizienz wie in einem 
der Anspruche 2 bis 10 definiert ist. 

15. Verwendung nach Anspruch 13 oder 14, worin das 
Medikament weiters ein Chemotherapeutikum um- 
fafct. 

16. Verwendung nach einem der Anspruche 13 bis 15 
zur Behandlung von RB-negativem Krebs, der aus 
bronchogenem Karzinom, nasopharyngealem Kar- 
zinom, Kehlkopfkarzinom, Kleinzellen- und Nicht- 
Kleinzellen-Lungenkarzinom, Lungenadenokarzi- 
nom, Hepatokarzinom, Pankreaskarzinom, Blasen- 
karzinom, Darmkarzinom, Brustkarzinom, Zer- 
vixkarzinom, Eierstockkarzinom oder lymphozyti- 
scher Leukamie ausgewahlt ist. 

17. In vitro- Verfahren zur Ablation neoplastischer Zel- 
len, denen ein funktionelles RB-Tumorsuppressor- 
Genprodukt fehlt, in einer Zellpopulation aus neo- 
plastischen und nicht-neoplastischen Zellen, die 
RB-Tumorsuppressorfunktion aufweisen, wobei 



das Verfahren Folgendes umfalM: 

das Kontaktieren (1) eines rekombinanten Vi- 
rus mit Replikationsdefizienz, dem ein exprimiertes 
virales Onkoprotein fehlt, das zur Bindung eines 

5 funktionellen RB-Tumorsuppressor-Genprodukts 
fahig ist, mit (2) einer Zellpopulation, welche die 
neoplastischen Zellen und nicht-neoplastische Zel- 
len umfafM, unter infektiosen Bedingungen, wo- 
durch eine infizierte Zellpopulation erzeugt wird, so 

10 dafi Ablation der neoplastischen Zellen erfolgt. 

18. Verfahren nach Anspruch 17, worin das Virus wie 
in einem der Anspruche 1 bis 10 definiert ist. 

15 19. Verfahren nach Anspruch 17 oder 18, worin die 
neoplastischen Zellen, denen RB-Suppressorfunk- 
tion fehlt, Krebszellen von einem bronchogenen 
Karzinom, nasopharyngeal Karzinom, Kehlkopf- 
karzinom, Kleinzellen- und Nicht-Kleinzellen-Lun- 

20 gen-karzinom, Lungenadenokarzinom, Hepatokar- 
zinom, Pankreaskarzinom, Blasenkarzinom, Darm- 
karzinom, Brustkarzinom, Zervixkarzinom, Eier- 
stockkarzinom oder lymphozytischer Leukamie 
sind. 

25 

20. In vitro-Verfahren zum Detektieren der Abwesen- 
heit funktioneller Tumorsuppressor-Aktivitat in ei- 
ner Zellpopulation, umfassend: 

das Kontaktieren der Zellpopulation mit ei- 
30 nem rekombinanten Adenovirus mit Replikations- 
defizienz, dem ein exprimiertes virales Onkoprotein 
fehlt, das zur Bindung eines funktionellen RB-Tu- 
morsuppressor-Genprodukts fahig ist, unter infek- 
tiosen Bedingungen, und das Bestimmen der An- 
35 zahl oder des Anteils an Zellen mit einem Replika- 
tionsphenotyp in der Population. 

21 . Verfahren nach Anspruch 20, worin das Bestimmen 
das Messen der Fahigkeit von Zellen, Farbstoffe 

to auszuschliefien, ein markiertes Nukleotid in virale 
DNA einzubauen oder Virione zu bilden, umfafM. 

22. Verfahren zur Herstellung von Adenovirus, das 
nicht fahig ist, fur ein funktionelles Onkoprotein zu 

45 kodieren, das sich an ein RB-Tumorsuppressor- 
Protein bindet, umfassend das Kontaktieren von 
Zellen, denen das Tumorsuppressor-Protein im we- 
sentli-chen fehlt, mit dem Adenovirus, wodurch die 
Zellen infiziert werden, und das Verstreichenlassen 

so von genugend Zeit, damit sich die Virionen in den 
Zellen replizieren. 

23. Verfahren nach Anspruch 22, worin das Adenovirus 
nicht fahig ist, fur ein funktionelles Onkoprotein zu 

55 kodieren, fur das eine E1a-Region von Adenovirus 
kodiert. 
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Revendications 

1 . Virus deficient en replication recombinante ne pos- 
sedant pas une oncoproteine virale exprimee capa- 
ble de lier un produit de gene supresseur de tumeur 
p53 fonctionnel, pour utilisation dans une methode 
de traitement ou de therapie d'un mammifere; 

ledit traitement ou ladite therapie comprenant 
I'ablation des cellules neoplasiques dans une 
population de cellules comprenant lesdites cel- 
lules neoplasiques et des cellules non-neopla- 
siques; 

lesdites cellules non-neoplasiques contenant 
un produit de gene supresseur de tumeur RB 
fonctionnel capable de former un complexe lie 
avec ladite oncoproteine virale et lesdites cel- 
lules neoplasiques ne possedant pas ledit pro- 
duit de gene supresseur de tumeur RB fonc- 
tionnel. 

2. Virus deficient en replication recombinante pour uti- 
lisation selon la revendication 1, qui est un adeno- 
virus ou un papillomavirus. 

3. Virus deficient en replication recombinante pour uti- 
lisation selon Tun quelconque des revendications 
precedentes ou les cellules neoplasiques sont 
p53(->RB<->. 

4. Virus deficient en replication recombinante pour uti- 
lisation selon la revendication 1 qui est un adeno- 
virus ne possedant pas une oncoproteine E1 a virale 
exprimee capable de lier un produit de gene sup- 
presses de tumeur fonctionnel. 

5. Adenovirus deficient en replication recombinante 
selon la revendication 4, ou I'oncoproteine E1a vi- 
rale a une mutation inactivante dans le domaine de 
CR1 aux acides amines 30-85 dans Ad5, aux posi- 
tions des nucleotides 697-790 et/ou dans le domai- 
ne de CR2 aux acides amines 120-139 dans Ad5, 
positions des nucleotides 920-967. 

6. Adenovirus deficient en replication recombinante 
pour utilisation selon la revendication 4 ou 5, ou ledit 
virus est I'adenovirus type 5dl312 ou I'adenovirus 
type5ntd1 1010. 

7. Virus deficient en replication recombinante pour uti- 
lisation selon Tune quelconque des revendications 
precedentes, ou le mammifere est un humain. 

8. Virus deficient en replication recombinante pour uti- 
lisation selon Tune quelconque des revendications 
precedentes, ou I'adenovirus est capable de former 
des virions infectieux dans la cellule neoplasique, 
qui sont capables de se disseminer et d'infecter des 



cellules adjacentes in vivo chez un patient. 

9. Virus deficient en replication recombinante pour uti- 
lisation selon Tune quelconque des revendications 

5 precedentes, qui est non replicable pour former des 
virions infectieux dans des cellules non neoplasi- 
ques d'un patient humain. 

10. Virus de replication recombinante pour utilisation 
10 selon Tune quelconque des revendications prece- 
dentes, comprenant de plus un gene de selection 
negative ponte operationnellement a un promoteur 
viral. 

15 11. Composition pharmaceutique comprenant un virus 
deficient en replication recombinante tel que defini 
dans I'une des revendications 1 a 10, et un porteur 
pharmaceutiquement acceptable. 

20 12. Composition selon la revendication 11 comprenant 
de plus un agent chimiotherapeutique. 

13. Utilisation d'un virus deficient en replication recom- 
binante ne possedant pas une oncoproteine virale 

25 exprimee capable de lier un produit de gene supres- 
seur de tumeur RB fonctionnel, pour la fabrication 
d'un medicament pour I'ablation des cellules neo- 
plasiques dans une population de cellules compre- 
nant lesdites cellules neoplasiques et des cellules 
30 non neoplasiques; 

lesdites cellules non neoplasiques contenant 
un produit de gene supresseur de tumeur RB fonc- 
tionnel capable de former un complexe lie avec la- 
dite oncoproteine virale et lesdites cellules neopla- 
35 siques ne possedant pas ledit produit de gene su- 
presseur de tumeur RB fonctionnel. 

14. Utilisation selon la revendication 13, ou ledit virus 
deficient en replication recombinante est tel que de- 

40 fini dans I'une quelconque des revendications 2 a 
10. 

15. Utilisation selon la revendication 13 ou la revendi- 
cation 14 ou ledit medicament comprend deplusun 

45 agent chimiotherapeutique. 

1 6. Utilisation selon la revendication 1 3 a 1 5 pour le trai- 
tement d'un cancer negatif RB selectionne parmi un 
carcinome broncho-pulmonaire, un carcinome rhy- 

50 nopharyngien, un carcinome laryngien, un carcino- 
me du poumon a petites cellules et a cellules non 
petites, un adenocarcinome du poumon, un hepa- 
tocarcinome, un carcinome pancreatique, un carci- 
nome des reins, un carcinome du colon, un carci- 

55 nome du sein, un carcinome cervical, un carcinome 
ovarien, ou une leucemie lymphocytique. 

17. Methode in vitro d'ablation de cellules neoplasiques 



30 



29 



EP 0 931 830 B1 



30 



ne possedant pas un produit de gene supresseur 
de tumeur RB fonctionnel dans une population cel- 
lulaire de cellules neoplasiques et non-neoplasi- 
ques qui ont une fonction de supresseur de tumeur 
RB, ladite methode comprenant : 5 

la mise en contact sous des conditions infec- 
tieuses (1 ) d'un virus deficient en replication recom- 
binante ne possedant pas une oncoproteine virale 
exprimee capable de lier un produit de gene supres- 
seur de tumeur RB fonctionnel, avec (2) une popu- 10 
lation de cellules comprenant lesdites cellules neo- 
plasiques et des cellules non-neoplasiques, pour 
generer ainsi une population de cellules infectees 
de sorte que I'ablation desdites cellules neo-plasi- 
ques se produise. 15 



ment de temps pour que lesdits virions se repliquent 
dans lesdites cellules. 

23. Methode selon la revendication 22 ou ledit adeno- 
virus est incapable de coder pour une oncoproteine 
fonctionnelle qui est codee par une region Ela1 de 
I'adenovirus. 



18. Methode selon la revendication 17 ou ledit virus est 
tel que defini dans Tune quelconque des revendica- 
tions 1 a 10. 

20 

1 9. Methode selon la revendication 1 7 ou 1 8 ou lesdites 
cellules neoplasiques n'ayant pas la fonction de su- 
presseur de RB sont des cellules cancereuses pro- 
venant d'un carcinome broncho-pulmonaire, d'un 
carcinome rhyno-pharyngien, d'un carcinome la- 25 
ryngien, d'un carcinome du poumon a petites cellu- 
les et a cellules non petites, d'un adenocarcinome 

du poumon, d'un hepatocarcinome, d'un carcinome 
pancreatique, d'un carcinome des reins, d'un carci- 
nome du colon, d'un carcinome du sein, d'un card- 30 
nome cervical, d'un carcinome des ovaires, ou 
d'une leucemie lymphocytique. 

20. Methode in vitro de detection de I'absence d'une ac- 
tivity de supresseur de tumeur fonctionnel dans une 35 
population de cellules, comprenant : 

la mise en contact de ladite population de cel- 
lules avec un adenovirus deficient en replication re- 
combinante ne possedant pas une oncoproteine vi- 
rale exprimee capable de lier un produit de gene *o 
supresseur de tumeur RB fonctionnel, sous des 
conditions infectieuses, et la determination du nom- 
bre ou de la proportion de cellules dans ladite po- 
pulation avec un phenotype de replication. 

45 

21. Methode selon la revendication 20, dans Jaquelle 
ladite determination comprend la mesure de la ca- 
pacity des cellules a exclure un colorant, a incorpo- 
rer un nucleotide marque dans un ADN viral, ou a 
former des virions. so 



22. Methode de production d'un adenovirus qui est in- 
capable de coder pour une oncoproteine fonction- 
nelle qui se lie a une proteine suppresseur de tu- 
meur RB, comprenant la mise en contact des eel- 55 
lules qui manquent sensiblement de ladite proteine 
suppresseur de tumeur avec ledit adenovirus pour 
ainsi infecter lesdites cellules et laisser suffisam- 
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